This study conducted an integrative review investigating how fuzzy logic has been used in research with the participation of nurses. The article search was carried out in the CINAHL, EMBASE, SCOPUS, PubMed and Medline databases, with no limitation on time of publication. Articles written in Portuguese, English and Spanish with themes related to nursing and fuzzy logic with the authorship or participation of nurses were included. The final sample included 21 articles from eight countries. For the purpose of analysis, the articles were distributed into categories: theory, method and model. In nursing, fuzzy logic has significantly contributed to the understanding of subjects related to: imprecision or the need of an expert; as a research method; and in the development of models or decision support systems and hard technologies. The use of fuzzy logic in nursing has shown great potential and represents a vast field for research.
Introduction
The concept of dichotomy is present in our education, philosophy and science. Even though the Boolean logic (yes -no; true -false) is efficacious in binary quantification, its limitation and non-compatibility with human reality is evident. The notion of dichotomy is simple, limited and not realistic because its concepts do not have clear boundaries (1) .
The principle of dichotomy or the Aristotelian perspective regarding the description of world has been challenged in philosophy and in logic. The concept of three values proposed by Lukasiewicz was one of the first attempts to abandon the dichotomy supremacy. Fuzzy logic, in turn, introduced the gradual transition of the element between sets, which helps us to understand the concepts found in the real world, concepts where "yes -no" are superficial and restrictive (1) .
The theory of fuzzy logic was published in 1965 by L. A. Zadeh, a professor in the Department of Electrical
Engineering and Computer Science at the University of California, Berkeley. As opposed to binary logic, Zadeh proposed the use of degrees of membership in fuzzy set theory, which permits an element to partially belong to a set. Another characteristic of fuzzy logic was the possibility to use natural language when dealing with imprecision, approximating human intuition (2) .
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If we assume that U is a set that represents the universe, a fuzzy subset A of U is associated with a characteristic function µ A : U → [0,1], which is generally called a membership function. The idea is that for each element x∈U, µ A (x) indicates the degree to which x is a member of the set A.
Let us suppose we have information concerning a patient with acute pain. In traditional logic this information is included in only two sets "with acute pain" or "without acute pain". In the logic of fuzzy sets, we can establish degrees of membership of pain that are near to the sets of "strong acute pain", "moderate acute pain" or "mild acute pain" (3) .
The idea of degree of membership also allows the interpretation of ancient concepts. The concepts of health and disease, for instance, are considered opposites, where disease is the absence of health and vice-versa.
Hence, the existence of health and disease in the same individual is contradictory in traditional logic; these concepts are complementary in fuzzy logic (4) .
Much more than a philosophical view of concepts, fuzzy logic has been applied in several areas of science and in the development of various types of computer systems, controllers of means of transportation, and consumer products such as appliances, among others.
Artificial intelligence programs and decision support
programs became areas where fuzzy logic is frequently employed.
Fuzzy logic has been used in the medical field for several years in studies applied to biomedical engineering, expert systems, diagnosis systems, and in epidemiological models (5) .
Given the preceding discussion, this integrative literature review searched studies that relate nursing to fuzzy logic. Therefore, we investigated how fuzzy logic has been applied in the nursing field and in which domains.
Methods
The integrative review method helps the researcher to summarize theoretical and empirical literature concerning a specific subject. An integrative review involves some steps that need to be followed (6) . The steps established for this study are presented as follow.
Step
-Problem identification
Fuzzy logic has proven and effective applicability for data involving imprecision and in fields related to artificial intelligence technology. In the medical field, fuzzy logic has been discussed with a focus on technology.
But, how have nurses applied fuzzy logic in the scientific development of nursing and in which domains? How long has fuzzy logic been discussed in nursing? Nurses from which countries have used it?
Step 2 -Literature search
The following databases were searched: CINAHL, Step
-Data Evaluation
The studies were fully read that met the following criteria: subject related to nursing; subject related to fuzzy logic; and nurses being co-authors or participating in some step of the study.
Step 4 -Data Analysis
The studies were analyzed and grouped into categories that defined how fuzzy logic was incorporated.
Three categories were established: fuzzy logic as theory (theoretical and/or philosophical research concerning fuzzy logic and its relation to nursing); fuzzy logic as a method of analysis (methods of data analysis that use fuzzy logic); fuzzy logic as a model (development of models, computer programs, equipments and technological resources).
-Presentation
A synthesis of the findings is presented in a figure and analysis was performed based on the established categories.
Results
A total of 49 papers were identified in the databases.
Of these 29 were excluded: four did not meet the
Fuzzy Logic as Theory
Six papers discuss theoretical aspects of fuzzy logic based on other studies and on the literature in general. Considering the use of computer innovations in professional practice, systems based on fuzzy logic apparently obtain better performance than experts in the decision-making process and in describing how this process occurs (7) . Hence, fuzzy logic could be employed to help experts to explain how they establish their decisions and even to attribute weight to each of the fuzzy rules used in the process. Fuzzy logic would help experts to verbalize their decision-making process and this way of understanding could be transmitted in the teachinglearning process from professors to students (7) .
The application of fuzzy logic in the artificial intelligence field is seen as having great potential for future technologies to be developed in hospital environments (8) . Expert nurses are 'expensive products'.
Hence, the creation of protocols has been an alternative intended to replace nurse experts. Even though the protocols can be used by technically competent professionals, protocols are not able to provide an individualized and holistic care, which is closely related to the intuition of expert nurses (9) (10) .
Fuzzy logic reflects the expert nurses' decisionmaking process. Through fuzzy logic one can provide evidence that the decision-making process of experts is performed through an intuitive judgment (various parameters are considered), that experts do not strictly follow the rules but consider a set of information to perceive the situation as a whole (9) (10) .
The use of protocols for ventilator weaning, for instance, is a rigid approach and the decision to wean ventilatory devices requires a complexity greater than what protocols present. In such situations, fuzzy logic could be applied (11) .
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Fuzzy logic as method
One of the methods of analysis found in the studies based on fuzzy logic was c-means, which permits grouping data to estimate each cluster center, the distance among data to the center, and the distance between the centers of two clusters (12) .
Another method was the Fuzzy Delphi Method, which combines the Delphi method with fuzzy logic.
The method was used for collective decision-making processes used by experts to reach consensus where fuzzy logic resolves the issue of a lack of unanimity among experts (13) .
Fuzzy logic as model
Fuzzy logic can be used in the development of systems with different purposes such as to control infusion (14) , oximeters (15) (16) , to aid nurses in decisionmaking concerning patients' pain (17) (18) , to measure patient agitation using a digital image processor (19) and heart beat variation, blood systolic pressure and variability of blood pressure (20) , to support decision-making in the management of ventilation and oxygenation (21) , and to detect falls (22) . It can also be used in the development of decision-making models for nurses who use nursing knowledge considering the nursing process, the complexity of the context, and the degree of intensity of nurse/patient interactions (23) , support for decisionmaking concerning amniotomy in primiparae pregnant woman (24) , and the differential nursing diagnosis of alterations of urinary elimination (25) .
The application of fuzzy logic can have different objectives in the development of systems. It can be used to model the basis of algorithm rules, capturing the knowledge of experts and dealing with uncertainty (14) , characterize the variables of a system with fuzzy sets (15) (16) , administer databases with the opinions of experts (17) , classify responses detected by systems (19) (20) , detect and remove data that do not reflect a real situation, and follow-up trends of parameter evolution (21) . It can also be applied to model concepts and uncertainty expressed in linguistic (23) terms in the development of models because fuzzy logic allows the use of natural language and expressions such as "always", "frequently", "sometimes", "rarely" or "never", thus aiding in the decision-making process of nurses in the face of an intervention (24) or diagnosis (25) .
The studies present good results in relation to systems based on fuzzy logic when comparing these to previously used traditional methods (14) (15) (16) (19) (20) or demonstrating their reliability (26) .
Discussion
The relationship established between fuzzy logic and nursing is recent. The first study with nurse authorship dates from 1995. However, the most recent study was conducted in Brazil whose main author is a nurse.
An important diversity of countries and authors applying fuzzy logic was identified. We can relate this finding to the broad and relevant contribution of fuzzy logic when applied to nursing and other domains in the health field. It shows how fuzzy logic is disseminated in research and how generic its application can be. The predominance of studies in the English language was expected, since fuzzy logic originated in the United
States.
There is a predominance of nurse authorship (16/21) . However, the number of studies applying fuzzy logic in the scientific development of nursing is still inexpressive considering its potential usefulness. There seems to be a strong application of fuzzy logic related to the decision-making process, a subject frequently discussed in nursing (27) . Nonetheless, the fact that few studies indicate that authors continued their investigations draws our attention.
The studies are recent and the interest in fuzzy logic seems to be growing among researchers. There is a need to improve the developed models, testing them in other contexts and with other populations in order to put Jensen R, Lopes MHBM.
them in practice and promote professional development, and improve nursing care delivery.
Conclusion
Based on the studied papers we conclude that fuzzy logic has been used by nurses mainly in the decisionmaking process and in the development of models.
Fuzzy logic is consistent with the epistemological and philosophical view of nursing, enabling nurses to deal with complex, ambiguous and inaccurate nursing phenomena. Even though the use of fuzzy logic as a methodological resource is promising, it has been little explored.
The use of fuzzy logic in nursing research began only recently. However nurses from different countries and continents have conducted studies using fuzzy logic
showing that interest in the subject is universal.
Given the preceding discussion, we suggest the development of further research and application of fuzzy logic in theoretical and methodological aspects or in the development of models to contribute to nursing practice.
